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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 
manufacturing method of a semiconductor fine crystal, 
which can be easily introduced into a conventional ^ 
mass-production process and a semiconductor device 
which takes advantage thereof. 

SOLUTION: An amorphous or polycrystalline IV element 
layer 12 is formed on substrates 10 and 1 1 as thick as 
0.3 or larger to 5 nm or smaller at a low temperature of 
500°C or below and then heated at a high temperatures 
of 600 to 850°C into lumps. Through this setup, 
hemispherical fine crystals 13 which are formed of IV 
element and distributed in two dimensions, separated 
from each other, and 50 nm or less in diameter are 
formed. 
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vy ^is&itmi 0 2«rl*A/-Cff* 15 0 nm^pB'/ 

y =» ^JS ( S O f Ji) 10 3 ^r^-r^ S O I StRSrffi^ 
i-fc. wC9S<SwSSl-ff^2 0 0nineoJ|hfiMblKl 0 
4$:^^-fSo ro^SO I® 1 0 3co^$Ji5 0 nm 

^0 [0 0 9 9] 8Kv>r*BB^lRBft<klR^ 1 MmX 2 5 0 m 
mWB8PB*BS!tt» T«S^S O I « 1 0 3 

*«tt*Btt4Lfc^y 3 ^Jl^^^vy a^JBAt 

[ 0 1 0 0 J r n&1SL±.lZtm$' l J a ViS«riS^fi£^:fe 
$r^V>r 1 0 0 nm/*ic5it«) Q ZlOt&^TWJ^ 5 0 n 

ft** 

[0 10 1] C^±^S6lCJ?S3JR^-rt^^^C 
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17 



18 



ft, SlUDKic J: 9 A Ky H 0 7 CX9i 

10102] rO±tCS&i-'>y »>»K*4 0 0 nm 

5 0nm£fi7IMMrmuifeV'J|l 0 8&U *©J: 
roa 5 0nmttt*«ri««W-*tr»i 0 9fc1-6. 
[0 10 3] i<DA5^rtcLfcJBrt;^/^-*^«>ft 
^ Ky h 1 0 Ti-atpJBfc^i^P * nWti&ktZ*X& 

[0 10 41 HO? fr^triS 

[0105] -mz-it&to^mtt U'-f 1 — Ctt* -V f 7" 

[0 10 61 (tH9«9Stt»0) h^;na« 

[0 10 7] i orol(:M$Kfcl?S7 

n m<Z>3* 1 CDEgtffclR 1 1 1 fl>±lc, l£3 S n m^^JSfi 

{UKl 1 3«:Jgfi£i-6 (014 (a) ) • ZiOffltmB 

[0 10 91 ttV^-CCCOjaftBtl I SjiW** InmO 
#HftK^y =^ffll 1 4$r?£j£-f5 (014 (b) ) o 

- cDimvti/ y =» ^ro»dci*. 500 'c&r <o<ftia-c*7 
*/u*fl5K) fc-MM*' 9 =» ^/B l l 4 C9|ffl<a»&fl:<0te 
[0 110] ^^SH 4?i2f£f£l-* JPXS 

±ffi<Di$&nV V a X« 1 1 4 ttSMKftU-COTB 1 O n 



m&aattMtttilAl 1 5fcft& CB14 (c) ) . ft 
SBB©HUi>t^ya^»*iniiifcu^ 8 
0 0 , C-e3 5>cO?JD^^^<5C^^a:y, EtfllOnm 

[0 1 1 1 J «ttfl^!/ =^JH 1 1 2c&flttfc*>fcV*f*ft 

usr»i-c«bt^w^ #*«fy 1 i 

vyaxJBi l 4«W«)JSffift^A«M4* s fiafft^7^ 

[0 112] WU JfcfiX 

**lft:$']J s^tttf l 1 5 SrN'y^KL-O*:^^ 

[0113] c^^s^^^^aa^y^^flBWAi i 
i:tiao, atttfcicj: y svlttfi i 5 

So #W**ttlC*5V^X, WiafttSSlOnmt 

[0114] ±iz&n«ki'9 *>'ia**yr>'*l m *9k 
[oils] ±teo;*jtfcicj:?K ftflsjBS<D±fc»y ^> 

5 (0 14 (d) ) o XCO^f) |^UT<WU/t2£W 

f ii6 efUffl lx, b i 5 ^Tp-r j: 5 fcietfi*^* 

[0 116] 2 ffltm* l 1 6 fttrX«Lb^« cVDfc 
|SJ:DBWfcHl 1 7*rffS2 5 nm-ClflJSt, 2ffiWtt 
^•1 1 SSrSUMit*. KfkHfil 1 7Sr^Sl-, 
'✓Ja^KliBtiftjtU y—HMBKiPXU 

s d t \z. x o 2 mmLTttui-s 

50 >^y-*«^fiK^So Cco2fi^[^^i*2£^- htl* 
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19 

[0 117) r.--e. ffli b y x^/m* 

!loftf«sBBU»B!-*'*- l 10, 

[0118] h«flS-S«BBlcy- bffi^lHl 

^<om^:f£tIft^£<K y— x- K^^IWGJMfaoffi 
[0 12 0] ft3)W*-/* u **>u/*y w*, f-+ V 

[0 1 2 1 j — vci*, -mm^tT* 
wic*****. s 6>^ia*<ooN/oFFi4-ffl»<a 

[0 12 2] (Jpl OWWWBttO 13 X 6|i, *%^S> 
ffi 1 0 *5StB»tBlw«a 3 fi»«-T«3»«rfr*i-S**l8 

[0 12 3] 4&WIM6K1 2 o±«»j*ft*Lte»l»« 
flSlKl 2 l<0-fc(£, #3 SnmOSft'l ^SSftfy 
JB 1 2 2 . 5? 3 n mCOlU 2 0?HMbKM 12 3, 

ffl 1 2 4 «:«ta U *-L«(2:i*W4 3 n mCO^ 3 OfiWfc 5< 



1 1 -4 0 8 0 9 

ffitJS l 2 5 *«Jj3ti-ft 0 1 6 (a ) ) o 
[0124] fcfc, waomtiawi 2 5<7?Jitci9:$ l 

(b) ) . i«>»fl>^i9i2^tt*«>«B»KIS»IBfcl* 

^/u^^itnflHPM 2 7«rflgfS-4-* (Hi 6 

(c) ) . zzX\ y^=»>A#ft^a>*:$**ifftt 
1 0 nm-C3b<5o 

[0 12 5] S&fcw^/l^^pAaWflt*-! 27«r^ 

TJa^SMtBi 2 5, i 2 a*»J:u<«Mfcf 3J 

a^JBl 2 4, 1 2 2Sr^^^>^i"6 (01 7) . 

^v^^rt^-BrUBttta. r^#fclcJ:0, Hi 7 

[012610181*, 2 fitt**«iftcOiBffl«|«r^ 
-j". Wu^bW^I»Sttfc2fi«tt-^i i 
SSI io±lcimsiE9VU ^^^2SWf^^ 
■llOlWft-T-lsOfrWBrtrfeXi-Sii zntsnxn*** 
rswjicj:*, y±-enat 6 2 jhw^b wh 

(a) ) . , 

[0127] ZC0®£\ 7^f 1 »02fil»ef^I 

iBfoft(K«riSe*^* *B*8M-a 21&«» : F-rata?Srtf1tt 

* 2ffi?6M^^^»bri/>< (Sis (b) ) « 

^Jit? l SfiKtttti-a 2ffi«tt^«tW«>«**fc 

[0 12 8] &lw, *3§M«5»jBl«ife*rJS« Ufc, «cS9 
[0 12 9] (SRI lCO^iffi^liB) 01 9, 0 2 01** 

[0130] *i\ 019 ( a ) 5 = 

Wt?£f>{c s LOCOS (Local Oxidation of Silico 
n) £ £ <9 IR^-^BSflHJ« 1 3 2 tflMN- ft. 
[0 l 3 i) ^{^01 9 ^(b) Sf^ffi^ 

i 3 loy-h^jwtwtn^ ^-hffe»ffii (^ 

) 0*) fcflfj&tt. m J f-tr-^S:2 0-3 0 nroMBB-effl 
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21 

[0 13 2] Wt % (UHV) CV 

DBS|ttlcW*U a*«r»llfwrt"*iWAK^y=">^« 
ft K y h 1 3 4 t»rtt-r« (H19 (b)).H2i 

(a) , (b) 11. **^-h»#»**-fi*«ifl 3 

[0 13 31 -«o»^fiK^iJ=>'ttPKTSte«>co 

Rsi4iisii He #*&m^x&<o* znsmxx 
[oi3 4] ^i^-c8 5 Q < c-cmi&irz>£s ^lanrvy 

[0 13 5] w(0*5li?»iaS4x^:^» aXttttBK* b 
hWffl^y K l 3 5 «r»l*+5 t J; 8 , ^ 

t K^-w xfla^ei 3 7o*/r<onasBiiH;, y— *ftffii 

3 6a, KN XflMfi 137a Sr»fiKi"5, £C9WiS«> 

9, MOSBf»fl«f*ft*t*. 
[0 1 3 6] #58^1*. SOI^t^MOSFETS: 

[0 13 7] ($1 2 0»WMR) 02 2-02 5 ft, 4fl 

(b) tttfJff+STHGBOA-A: 3frSL< 

[0 13 8] *1\ 02 2l^ti;5l^ qWWMttU 
40j:|:LOCOS 1 4 2 It J: 9 H*#Vfc*' ! J L «* 1 4 

VDtiOWlOOnmttlEOS 1 Oi HfeftlK 1 4 3 
[0139] fclSBI 2 3 £ 5 m*&*0> 5\ 



WBHVl 1 -40 8 0 9 

22 

9 > K»»*»ia-r *«* i 4 4 £ Bflfr 4 

fcfcffias (UHV) CVDS»i:#AU «fi<r»» 
[0140] ^avKHMMt^y 3/t««t*» 
v d iSStrt ^2fi^*E H» trtftKJ'KB 5 nfcfcfiffi t 
^ t) . 3 0 0 , C«T«>ff la^StSSiBI-UB* 5 n m&T 
[0141] #»tt*tt-cri % k >y = >ma*i£8R#<affi 

1*5 o 0 < C»T"CfchtfJB«'^U *>k&QL&m<o&% 

[0 14 2] «gvNX7 3 0 — 85 ox:~cmwit* t+ ft 

[0 14 3] :©»»Ky ho»*ttff*Ki2:i8e>^» 

-ct>j:v\ *t, jg«^fet>uHv-cvDis«^iae> 
(mb e) m^yx^mL^t: 

[0 14 4] ft*, tft^fcf— AfcAS^— ^MIW«*4 

2 0 0 nml-83:^1"<&o 
[0 14 5] IfcUl, 12 2 4 1^-Ti; 3S»S:fflV>T 
*^««1 4 l±lc»jftS*ufcS 1O2 Kl 4 3«r*y 

4 60«»*^^fc«9, vy Ky b l 4 6 

cOTl-S i Oa JB 1 4 3 vastus. 
[0146] 121 2 5 Iw^T «t 5 iC^^fflC^- 

hHMfc*ffv\ 5 nmfeffior- bffi'fbKl 4 7 *r»Jft 

■f 5. JRV^-CT-f 7>K1 4 4 ^$tff1i^C0±|i3K y 4/ 

fcA»**3ftV\ 

[oi47] ^iw, y— ^fc K^-f >*B<PTIMh^-f 
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C13) 



4*rflB¥l 1 -40 8 0 9 



23 



24 



4g 

[0 i 4 8] ^3B««»-*v*-CI*, '/DayJWI^h 

/-^BBfteBBffcU bixsr-f 9^ K 

2 oior^ 7^ K«r^^Mtsy- h^fiil 5 3 , 1 
[0 14 9] B2 7 0#RRW-&1 6 lft£tKl 6 

f-v^ufca, ^-HiiHMsAtwiJ s/y a^«m 

[0 15 1] t£o-C\ U-C»**1B«^ 
yKyH:B*ftfc«*PKWI (0 2 5 (b) K*rtt 

3;ft4 0 rtf>fctf>. tt*»*nXttflf*:ffl^TfclWMiPX 
KT«t-f XtJ^r-f 9 K©»8#W t ft «• *0 
[01521 *»*E»tt-CM\ f y 3 ^ w & 

&6 0 nm&ffit LT^4*:fc, 3pmWft4r— 

[01531 

[0 15 4] ^^ItEQiSOnm^T^^U 3 
SttfcS iOz BLblc* #rtt**b4:: 

U iaffltt* J ft<, I&fii^^ajE/ihC&Wfti: LTA 
fc^ojRJ#«W>fc4X»«J y^^coji^ft^&kft 



[0 15 5] *fc, m*»*l-*v^Xli» 
IBWcoSftjEttlca v h p-/u^*^ftlcflStoft«JB* 
&mtlT*T<< 9>MM«r. ■LB^yaS'lKBK* 

l-cv>4« 

[ois6] *»wic33^rr<9v K^«H^^y 3 

UHV-CVDlCtS'/!)a>1»fclK^hW 

9^Kco*tsi*, awft©y y ^? 7 

b*»icj< s v * t co -r 4 w t ^-e* 4 . BLkaafeic * 

9, BBBrftt 1 ****** ftiWtt=* WMfcOft^*- 
WSWWtft - ^ * J *Tfl§ t ft 4. 
[HEommftlKW] 

[|S] l ] 3? l roXBJMM^Ift* *s U » xWSiSi 

©fl*«lfc^*BflTO«BBB 

#&»*#S^»(iR«i*-i"H-o, (a) i±s^y=^, 
(b) 14^/1^= 9*<DW& 

IB! 3] ^WOSBaoSHtflSBl^SMOSH^an* 
(B4| K 2 W(*«W-*B«f**« 

[0 5] 04OCVDSgB-CfPfiJcUtet/!; = VfSMtfitf) 



[0 6] ^«WiCi;OfpJ58Lfc^y =»>D8fflftc^»fBia 
[07] *»WWffl3©»*||»lll»c«4vy =^»tt» 
©fMOWtBBW-ifcib^BB 

[08] ^^C0^4 05^lfej&flfi^4y/^^^^1JSC 
KB Oft^tttttWi- 4 fc «> 0>BBB 

[0 9] %i4(Dmimm<o#A>^~**wfcfanftft^ 

[010] «W©W5cD*OWttfcW44 F ^^*.fc 

[sii] *awoj|teco5a6*B^«4* r ^i^'=*A 

[1211 2] ^Wc0m7O^ft^ffil^44 , /U-r^!>A 
BBB 

[013] *BW«3»8«)»«»Blc«4^^^l>A 
[0 1 4 ] ^Offi 9 0»i»Blci*4 2 ffi#tt-T-W 

jftofpfifc^wt^rwmB 

[015] **M©^9^SBJPlfil-«4 2filS)^-T-fl» 
[016] *^5P^^iBl 0«)RlE*B^ffi4 3ft||jk«t* 
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25 

[017] «b x o©WBW»ic«4 sffiKfltf 1 
[(Si 8] ^^w2fiJ&^«iS^^« , J^Wi-S 

[[212 O] HI 9«*tf*lf-Ofc0. SEHHS^Wfr* 

[[£12 2] *3SW<0»1 2 0^mft&^«^^ i » i *« $: 35 

(b) J* (a) coa-a' #icttofc.NfflBIB 
[023| El 2 2^ikcoaPBf^"^¥Bl2^^ ,a 
[02 4] 02 3^»oai*fc*+¥RHk»EEI 
[0 2 5] H2 40&«>aRt«:»+VaSBIfcKa5BI"C, 
(b) It (a) <OB-B' ttfcttofclfcfcBWBB 



/0 



26 



[H2B1 *i"ao«»»«IHWI'C, 2o*>Hjq*> 

[H 2 7 ] 35 1 2 n%wmp>wbwx. 2 o^M^lW 
r -f 5 ^ Ki-tttfejwilfiffito l ocoy— MHS*=ffi"a 

l o — t/9 =^25^ 

1 l - *s» axSMbK 
12 - IMW'/Ha^i 

2 0 - i/SJ^V&ft 

2 1 i/U s^SWfcR 
2 2 — f I> =» MftWSift 
2 3 - f!l =a^HMm 
•24 - 
2 5 ••■ b <WJS£f£WciB5 

2 6, 2 7 ••• * • KW v 



11311 



(02] 



ZZZZZ5 



(0) 



I Oif'J^VWI 

I I ; 2/u3>msa 



■12 II 



lb) 



1 2 :mPb/U»0 



10 



.10 



(□) 



<b> 



O. 5 



jag (C) 



IbloO — 



Q, -5, 



[04] 



WW 



(nml 



ri ITir l- 



JLtL 
so 



i 



1 ag.ffl? 



„70Q. 



7&Q- 



J-Q- 



60 



[05] 




1 3 ;S/»JD>«»a 




(a ) 



42 



( b ) 



,4! 
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(15) 



»9M*l 1-40 8 09 



) P O P 



[03] 

21 22 
I 9 ^QaBa 



-20 



I 0 ) aO:i"J=ivM 
22 ;S-»jziy«ia« 



23- 



lb I 



22 
-20 



23 -.v>fOMUm^ 
2 4:»«ai/'J=>vB 



[12)6} 




.SI 



1137] 





-26 
.20 



[HI 0] 



^ — ri r» 



-o — o — 



-75 

-73 
r \ 
■70 



1 7] 



-I2B 



121 
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{a ) 
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-72 
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4 n. 13} 
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a so 
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7 60 
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-14 
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1 PQ 



— n 



J g 
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73 
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71 



[HI l] 
65 as 



113] 



31 



74 



.71 



.o o 
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x B4 
-81 



109(H) 106 107 10S(P) 100 
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#PB¥l 1 -4 0 8 0 9 



[mi 2] 



10 : 4] 



1 6] 



to) 



98 



93 94 
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(o ) 



I 



II3WUI 



/////> 



illttttSB l< ='~ 
120 



-125 
-124 
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lb} / ///// 



✓ <b) 122 

-113 



MI2 
Ml! 
-110 



1 c ) 



93 95 , 

91 
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(d ) 



96 95 



"3 115 



112 
III 
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,97 
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no 



121 




II 5] 
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l,7 TI? 
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-119 
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[gll 8] 



116 
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. . . i ffn Fl ffn rn ml rl fftt rrt Irn rn t 
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137 
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[019] 



[02 1] 
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